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® Apparatus, such as pen, for applying liquid material 

© A tool for applying a liquid to a predetermined 
portion is disclosed. The tool has a main ink reser- 
voir (2) and a sub-ink reservoir (21). The sub-ink 
reservoir communicates with a pen body. The main 
ink reservoir communicates with the sub-ink reser- 
voir through a valve mechanism (7). When ink inside 
the sub-ink reservoir is depleted upon writing, and a 
pressure inside the sub-ink reservoir is reduced, the 
valve mechanism is opened. 
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Apparatus, such as pen, far applying liquid material 



The present invention relates to an improve- 
ment of an apparatus for applying a liquid material 
onto a predetermined portion, such as a pen (e.g., 
a ballpoint pen, a felt-tip pen, and the like) using a 
water-base ink or other types of ink, or a tool for 
applying cosmetics or medicines, and the like. 
More specifically, the present invention relates to a 
pen storing a water-base ink, such as a ballpoint 
pen, a felt-tip pen, and the like, that can store a 
large quantity of water-base ink, can satisfactorily 
control a quantity of ink to be supplied, and can 
reliably prevent scratching without an ink and ink 
dripping caused by changes in temperature, at- 
mospheric pressure, and the like. 

Recently, ballpoint pens, felt-tip pens, and the 
like employing a water-base ink are widely used. 

In these conventional ballpoint pens, a fibrous 
member such as cotton is filled in an ink reservoir 
in a cylindrical casing, and is impregnated with ink. 
For this reason, only a small quantity of ink can be 
held. Since a small quantity of ink is supplied to a 
writing tip of the ballpoint pen or felt-tip pen, if a 
user writes fast, the ink is not often applied to the 
predetermined portion. 

In order to eliminate these drawbacks, some 
pens store liquid ink directly in their cylindrical 
casings. However, in these pens, as the ink in an 
ink reservoir is consumed, air must be accordingly 
introduced therein. However, with this structure, the 
air in the ink reservoir expands due to changes in 
temperature, atmospheric pressure, and the like, 
thus easily causing dripping from a writing tip. 

In some pens, an elongated, cylindrical, ink 
reservoir is used to store an ink therein, and a 
slidable plug, which slides to keep a liquid-tight 
seal, is inserted in the ink reservoir, to separate the 
ink from air in the ink reservoir and to commu- 
nicate the air therein with outer air. As the ink is 
consumed, the slidable plug slides. 

With this structure, a large quantity of ink can 
be stored, and ink dripping due to expanded air 
can be prevented. For example, in the case of a 
ballpoint pen using a water-base ink, a suction 
pressure, with which a writing tip draws the internal 
ink upon writing, corresponds to a pressure head of 
about 200 mm. Therefore, a slide resistance of the 
slidable plug must be set in a range below a 
pressure head of 200 mm. If the slide resistance of 
the slidable plug increases, a large pressure dif- 
ference must be generated between the ink and air 
so as to move the slidable plug. For this reason, if 
the ink expands due to a change in temperature, a 
pressure of the ink portion becomes higher than 
the atmospheric pressure. Contrary to this, if the 
ink portion shrinks due to a change in temperature, 



the pressure of the ink portion becomes lower than 
the atmospheric pressure. For these reasons, in a 
pen having the slidable plug, dripping may occur, 
or air is drawn from the writing tip and writing fails 

5 to perform due to ink shortage. If such a pen falls 
on a floor or a desk, an instantaneous pressure 
difference is caused in the ink portion due to inertia 
acting thereon, and similar drawbacks to the above 
occur. In order to eliminate these drawbacks, the 

ro slide resistance of the slidable plug is so increased 
as to cancel the inertia acting on the ink portion. 
For this purpose, the slide resistance of the sfida- 
ble plug must be accurately determined. However, 
it is difficult to accurately control the slide resis- 

75 tance of the slidable plug, and the structure of the 
slidable plug becomes complicated. 

In the pen having the slidable plug, a mecha- 
nism for accurately controlling the flow rate of ink 
supplied to a writing tip must be added. 

20 As the conventional ink-supply flow rate control 
mechanism, a fibrous core, as hardened fibers, is 
used, in this mechanism, the ink is suppHed to the 
writing tip by a capillary attraction of the fibrous 
core, and excessive ink supply can be prevented 

25 by the flow resistance in the fibrous core. The flow 
rate of the ink is controlled by a density of the 
fibrous core. 

However, with this mechanism, a flow rate of 
ink cannot be reliably controlled, and ink dripping 

30 or scratching without an ink cannot be satisfactorily 
prevented. 

It is an object of the present invention to pro- 
vide a pen which comprises a slidable plug, is 
capable of storing a large quantity of ink, and can 

36 reliably control ink supply to a writing tip. 

According to the present invention, a large- 
capacity main ink reservoir for storing a liquid 
material such as an ink is formed in a cylindrical 
casing, a sub-ink reservoir is formed between the 

40 main ink reservoir and a pen body, and a valve 
mechanism is arranged between the main ink res- 
ervoir and the sub-ink reservoir. The valve mecha- 
nism allows the ink to flow from the main ink 
reservoir to the sub-ink reservoir when a pressure 

45 in the sub-ink reservoir decreases due to a pre- 
determined pressure difference smaller than an ink 
suction pressure of the pen body. 

In this structure, when the Ink inside the sub- 
ink reservoir is consumed upon writing, and the 

so pressure in the sub-ink reservoir is decreased, the 
valve mechanism is opened, thus supplying the ink 
from the main ink reservoir to the sub-ink reservoir. 
Thus, the sub-ink reservoir can be kept filled with 
the ink. The slidable plug slides as the ink flows 
from the main ink reservoir and thus is used. If the 
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ink expands or shrinks due to a change in tempera- 
ture, the siidabie plug slides to compensate for this 
expansion or shrinkage. Although the ink inside the 
sub-ink reservoir also expands or shrinks, the ab- 
solute volume of expanded or shrunk ink portion is 
very small since the sub-ink reservoir has a small 
volume. Therefore, the ink in the sub-ink reservoir 
cannot be pushed out from the pen body, or no air 
can be taken in from the pen body. When the pen 
of this type is dropped while the pen body faces 
upward, a low pressure state instantaneously oc- 
curs in the ink portion due to Its shock. However, 
since the ink flow from the sub-ink reservoir to the 
main ink reservoir is shut off by the valve mecha- 
nism, no air can be taken in from the pen body. 
Contrarily, if the pen is dropped while the pen body 
faces downward, a high pressure state Instanta- 
neously occurs in the ink in the main ink reservoir 
due to its shock. However, this instantaneous high 
pressure can be absorbed by the valve mecha- 
nism. Therefore, only a small quantity of ink can 
flow from the main ink reservoir to the sub-ink 
reservoir, and neither ink can be pushed out nor 
dripped from the pen body. 

The present invention will become apparent 
from the following detailed description of the pre- 
ferred embodiments taken in conjunction with the 
accompanying drawings, in which: 

Figs. I to 3 show a first embodiment of the 
present invention, in which Fig. I is a longitudinal 
sectional view, Fig. 2 is a longitudinal sectional 
view of the main part, and Fig. 3 is a sectional view 
taken along line HI - III in Fig. 2; 

Figs. 4 and 5 show a second embodiment of 
the present invention, in which Fig. 4 is a longitudi- 
nal sectional view of the main part, and Rg. 5 is a 
sectional view taken along line V - V in Rg. 4; 

Rgs. 6 and 7 show a third embodiment of 
the present invention, in which Rg. 6 is a longitudi- 
nal sectional view of the main part, and Rg. 7 is a 
sectional view taken along line VII - VII in Rg. 6; 

Rgs. 8 and 9 show a fourth embodiment of 
the present invention, in which Rg. 8 is a longitudi- 
nal sectional view of the main part, and Rg. 9 is a 
sectional view taken along line DC - IX in Rg. 8; 

Rg. 10 is a longitudinal sectional view of the 
main part according to a fifth embodiment of the 
present invention; 

Rg. II is a longitudinal sectional view of the 
main part according to a sixth embodiment of the 
present invention; 

Rgs. 12 and 13 show a seventh embodiment 
of the present invention, in which Rg. 12 is a 
longitudinal sectional view of the main part, and 
Rg. 13 is a sectional view taken along line XIII - XIII 
in Rg. 12; and 

Rg. 14 is a longitudinal sectional view of an 
eighth embodiment of the present invention. 



A plurality of embodiments in which the 
present invention is applied to a ballpoint pen using 
a water-base ink will be described hereinafter with 
reference to the accompanying drawings. 
6 Rgs. I to 3 show a first embodiment of the 
present invention. In Rgs. I to 3, reference numeral 
I denotes a cylindrical casing. Elongated cylindrical 
main ink reservoir 2 is formed in cylindrical casing 

I. Main ink reservoir 2 utilizes entire cylindrical 
w casing I, and has a much larger volume (e.g., about 

3 cc) than that of a conventional ink reservoir. 
Water-base ink A is filled in main ink reservoir 2. 
Siidabie plug 3 consisting of an elastic material 
such as silicone rubber is slidabiy inserted in main 

T6 ink reservoir 2, and separates ink A from an air 
portion in reservoir 2. Siidabie plug 3 is slidabiy 
moved to follow ink consumption, expansion, or 
shrinkage due to a change in temperature. 

Tail plug 4 is fitted in the rear end portion of 

20 the casing. A small quantity of sealing liquid 12 
such as silicone oil is sealed in a portion between 
tail plug 4 and siidabie plug 3, i.e., in an air portion. 
Sealing liquid 12 provides a seal for siidabie plug 3 
and makes siidabie movement of siidabie plug 3 

25 smooth. Projection 10 projects from the central por- 
tion of the inner surface of tail plug 4. Air commu- 
nication hole II is formed in tail plug 4, and the air 
portion in main ink reservoir 2 communicates with 
outer air through communication hole II. The length 

30 of projection 10 is sufficient, so as to prevent seal- 
ing liquid 12 from leaking from communication hole 

II. More specifically, since sealing liquid 12 has a 
relatively high viscosity, it flows along a wall sur- 
face even if the position of the pen changes. If the 

35 pen is horizontally held, sealing liquid 12 flows 
along the wall surface, and is stored in a portion, as 
indicated by a in Rg. I. When the pen is vertically 
held while tail plug 4 faces downward, sealing 
liquid 12 is stored in a portion, as indicated by b in 

40 Rg. II. Therefore, if projection 10 has a sufficient 
projecting length in terms of a quantity of sealing 
liquid 12, sealing liquid 12 will not reach the opening 
of communication hole II even if the pen is in any 
posture. Therefore, sealing liquid 12 cannot leak 

45 from communication hole II. 

Pen body holder 6 is arranged on the distal 
end portion of cylindrical casing I. Ballpoint pen 
body 14 is mounted on the distal end portion of 
holder 6. Ball 23 Is rotatably fitted In the distal end 

so of pen body 14. 

Valve mechanism 7 is arranged inside the dis- 
tal end portion of cylindrical casing I. Valve mecha- 
nism 7 defines sub-ink reservoir 21 having a small 
volume in the distal end portion of cylindrical cas- 

55 ing I. 
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Valve mechanism 7 is arranged as shown in 
Figs. 2 and 3. More specifically, reference numeral 
8 denotes a valve seat member. Valve seat mem- 
ber 8 has a disk-like shape and is fitted in the 
distal end portion of cylindrical casing I under pres- 
sure. Through hole 18 is formed in the central 
portion of valve seat member 8. Annular valve seat 
portion 19 is formed on the periphery of the surface 
of member 8 on the side of the pen body. Valve 
body 9 is arranged on valve seat member 8 on the 
side of the pen body. Valve body 9 has a disk-like 
shape and is formed of an elastic material such as 
silicone rubber. Cylindrical compression projection 
16 projects from pen body holder 6. The distal end 
portion of projection 16 abuts against the central 
portion of valve body 9 and presses valve body 9 
against valve seat portion 19 of valve seat member 
8 at a predetermined pressure. Annular valve seat 
portion 20 also projects from the inner surface of 
the distal end portion of cylindrical casing L Valve 
seat portion 20 faces valve body 9 from the side of 
the pen body of valve body 9 to form a small gap 
therebetween. 

Ink feed hole 15 is formed in the central portion 
of the pen body holder. Ink transport core 13 con- 
sisting of a porous material such as felt is inserted 
in ink feed hole IS under pressure. Note that com- 
munication groove 17 is formed in the distal end 
portion of projection 16, so that sub-ink reservoir 2i 
communicates with ink feed hole 15. 

The above-mentioned ink transport core is also 
utilized for adjusting a flow rate of ink to be sup- 
plied in the conventional pen. In the conventional 
ink transport core, its distal end portion is precisely 
molded to have a conical shape, and the conical 
distal end portion is brought into light contact with 
the ball of the pen body, thereby supplying ink to 
the ball. However, ink transport core 13 of this 
embodiment is not brought into contact with the 
ball 23. Pen body ink reservoir 22 having a very 
small volume is formed between ink transport core 
13 and ball 23, and ink is filled in ink reservoir 22. 

The operation of the pen of the first embodi- 
ment will be described below. Ink A without air is 
filled in main ink reservoir 2, sub-ink reservoir 12, 
and pen body ink reservoir 22. When the ink in 
reservoir 22 is depleted, the ink in sub-ink reservoir 
21 is supplied to ink reservoir 22 via ink transport 
core 13. When the pressure in sub-ink reservoir 21 
is decreased upon ink consumption therein, valve 
body 9 of valve mechanism 7 is elasticalry de- 
formed and it separated from valve seat portion 19. 
Thus, valve mechanism 7 is opened, and ink A in 
main ink reservoir 2 is supplied to sub-ink reservoir 
21. Slidable plug 3 slides to follow ink consumption 
in main ink reservoir 2. 



When the valve-opening pressure of valve 
mechanism 7, and slide resistance of the slidable 
plug are appropriately set, the pen of this embodi- 
ment can reliably prevent ink dripping or scratching 
5 without an ink due to a change in temperature or 
shock. 

As described above, in the case of a ballpoint 
pen using water-base ink, an ink suction pressure 
of the pen body upon writing corresponds to a 

ro pressure head of about 200 mm. in consideration 
of the dimensions of the main ink reservoir, a 
maximum volume is about 3 cc and a maximum 
length is about 75 mm due to the practical limita- 
tions on cylindrical casing I. Therefore, when the 

75 pen is subjected to writing while the pen body 
faces upward, an ink suction pressure margin of 
pen body 14 corresponds to a pressure head of 
about 125 mm. Therefore, if a total of the slide 
resistance of slidable plug 3 and the valve-opening 

20 pressure of valve mechanism 7 is set to be 125 mm 
or lower, this pen can be used for upward writing. 
Of course, if upward writing is not taken into con- 
sideration, a total of the slide resistance of slidable 
plug 3 and the valve-opening pressure of valve 

25 mechanism 7 can be set to be larger than 125 mm. 
When the ink in cylindrical casing I is ex- 
panded or shrunk due to a change in temperature, 
slidable plug 3 is slidabty moved so as to com- 
pensate for it in this case, the ink in sub-ink 

30 reservoir 21 and pen body ink reservoir 22 is also 
expanded or shrunk, since these reservoirs have 
very small volumes, the ink will not drip, or air will 
not be drawn from the pen body. 

When the pen is dropped on a floor, a high or 

35 low pressure instantaneously occurs in main ink 
reservoir 2 due to the shock. However, since an 
instantaneous change in pressure is shut off or 
absorbed by the valve mechanism, a pressure in 
sub-ink reservoir 21 or pen body ink reservoir 22 is 

40 not changed. Therefore, ink dripping will not occur, 
and no air is drawn from the pen body. 

Figs. 4 and 5 show a second embodiment of 
the present invention. This embodiment is substan- 
tially the same as the first embodiment except for 

46 valve mechanism 7a. Valve mechanism 7a com- 
prises valve body 30 consisting of an elastic ma- 
terial. Valve body 30 is preferably formed of sili- 
cone rubber. Annular valve seat portion 31 projects 
from the outer periphery of valve body 30 and is 

so brought into tight contact with the inner surface of 
cylindrical casing I. When a pressure difference 
between main ink reservoir 2 and sub-ink reservoir 
21 exceeds a predetermined value, valve seat por- 
tion 31 is slightly deformed, and ink is supplied to 

55 sub-ink reservoir 21. The end face of valve body 30 
on the side of the pen body has spherical surface 
35. Stationary plate 32 is fitted in cylindrical casing 
I under pressure. Two ink communication grooves 
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33 are formed on the edge portion of stationary 
plate 32. Compression projection 36 projects from 
the cylindrical casing on the side of the pen body. 
Communication groove 37 is also formed in the 
distal end portion of projection 36. Valve body 30 is 
clamped and fixed between stationary plate 32 and 
the distal end portion of projection 36. 

The operation of the second embodiment is the 
same as that in the first embodiment. The pen of 
this embodiment is constituted by a smaller num- 
ber of parts and can be easily manufactured at low 
cost In the movement when the valve mechanism 
is opened, valve seat portion 31 of valve body 30 is 
slightly deformed. Therefore, the valve mechanism 
can be opened or closed to follow a small quantity 
of ink consumed upon writing. 

Figs. 6 and 7 show a third embodiment of the 
present Invention. In this embodiment, valve 
mechanism 7b has substantially the same valve 
body 40 as that in the second embodiment The 
material and structure of valve body 40 are sub- 
stantially the same as those of the second embodi- 
ment, except that a plurality of projections 42 are 
formed on its outer surface. Valve body 40 is fitted 
in cylindrical casing I under pressure. In this case, 
projections 42 are deformed to be brought into 
tight contact with the inner surface of cylindrical 
casing I and hold valve body 40 in a predetermined 
position. In the pen of this embodiment, a station- 
ary plate as in the second embodiment is omitted. 
The pen of this embodiment has a still smaller 
number of parts than that of the second embodi- 
ment and can be easily manufactured at lower 
cost. 

Figs. 8 and 9 show a fourth embodiment of the 
present invention. In this embodiment, valve 
mechanism 7c comprises cup-shaped valve body 
50 formed of an elastic material such as silicone 
rubber. Valve body 50 is fitted in main ink reservoir 
2 under pressure, and is held in position. Notch 51 
is formed in the bottom wall portion of valve body 
50. When a predetermined pressure difference acts 
on valve body 50, notch 51 is opened, so that the 
ink is supplied from main ink reservoir 2 to sub-ink 
reservoir 21. 

Fig. 10 shows a fifth embodiment of the present 
invention. In this embodiment, valve mechanism 7d 
comprises valve seat member 60, which is fitted in 
main ink reservoir 2 under pressure. Cylindrical 
valve seat portion 61 projects from valve seat mem- 
ber 60. Communication hole 62 is formed in valve 
seat portion 61, and communication port 63 is open 
to the periphery of portion 61. Tubular valve body 
64 formed of an elastic material such as silicone 
rubber is fitted on the outer periphery of valve seat 
portion 61. In the pen of this embodiment, ink flow 
from sub-ink reservoir 21 to main ink reservoir 2 is 



prevented by valve body 64. When a predeter- 
mined pressure difference occurs, the ink is sup- 
plied from main ink reservoir 2 to sub-ink reservoir 
21. 

s Fig. II shows a sixth embodiment of the present 
invention. In this embodiment, valve mechanism 7e 
comprises valve seat member 70, which is fitted in 
main ink reservoir 2 under pressure. Communica- 
tion hole 71 is formed in valve seat member 70, and 

to the edge portion of hole 71 has a conicai shape to 
define valve seat portion 74. Valve body 72 is 
mounted on valve seat portion 74 and is pressed 
thereagainst by spring 73 at a predetermined bias- 
ing pressure. In the pen of this embodiment, ink 

75 flow from sub-ink reservoir 21 to main ink reservoir 
2 is prevented by valve body 72, and valve body 
72 is opened when a predetermined pressure dif- 
ference occurs. 

Figs. 12 and 13 show a seventh embodiment of 

20 the present invention. In this embodiment, valve 
mechanism 7f has cylindrical valve body 80 formed 
of an elastic material such as silicone rubber. Valve 
body 80 is elastically fitted in sub-ink reservoir 21. 
Ink communication groove 82 is formed in valve 

25 body 80. In the pen of this embodiment, ink flow 
from sub-ink reservoir 21 to main ink reservoir 2 is 
prevented by valve body 80. When a predeter- 
mined pressure difference occurs, the ink is sup- 
plied through a gap between the outer surface of 

30 cylindrical portion 81 of valve body 80 and the inner 
surface of sub-ink reservoir 21. 

Fig. 14 shows an eighth embodiment of the 
present invention. In this embodiment, as in the 
above-mentioned slidable plug, slidabie plug 3a 

35 consisting of a get material such as gelatin or the 
like is siidably fitted in main ink reservoir 2. Slida- 
ble plug 3a consisting of the gel material has high 
flexibility, a good sealing property, and a small 
slide resistance. After ink A is filled, the gel ma- 

40 terial is supplied into main ink reservoir 2 and is 
gelled to form slidabie plug 3a Therefore, this can 
facilitate the manufacturing process, and can still 
reduce cost. 

The above embodiments have substantially the 

45 same arrangements, except for the above-men- 
tioned respects. The same reference numerals de- 
note the same parts as in the first embodiment, 
and a detailed description thereof was omitted. 
The present invention is not limited to the 

so above embodiments. For example, the structure of 
the valve mechanism is not limited to those in the 
above embodiments. 

The valve mechanism need not always have a 
check valve function for preventing ink flow from 

55 the sub-ink reservoir to the main ink reservoir. 
When the pen is dropped on a floor while the pen 
body faces upward, since a negative pressure pro- 
duced in the main ink reservoir is very instanta- 
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neous, the negative pressure can be satisfactorily 
prevented by the resistance of the valve mecha- 
nism itself and the resistance of the ink transport 
core from acting on the pen body. 

The siidable plug is not limited to those de- 5 
scribed above. For example, the sfidable plug can 
consist of an open-or closed-cell foamed elastic 
material. 

The present invention is not limited to a water- 
base ballpoint pen, but may be applied to various w 
other pen bodies, such as a felt-tip pen body, a 
mohitsu pen body, and the like. 



Claims 75 

1. A tool for applying a liquid onto a predeter- 
mined position, which comprises a cylindrical cas- 
ing and a pen body arranged at a distal end of said 
cylindrical casing, comprising a main ink reservoir 20 
formed in said cylindrical casing, and a siidable 
plug slidably inserted in said main ink reservoir, 

said siidable plug partitioning said main ink reser- 
voir into ink and air portions, characterized by 
further comprising: 25 

a sub-ink reservoir having a small volume and 
communicating with said pen body, and 

a valve mechanism, said main ink reservoir and 
said sub-ink reservoir communicating with each 
other through said valve mechanism, said valve 30 
mechanism being opened when a pressure in said 
sub-ink reservoir is decreased to be smaller than a 
pressure in said main ink reservoir by a predeter- 
mined pressure smaller than a suction pressure of 
said pen body due to writing, so that an ink is 35 
supplied from said main ink reservoir to said sub- 
ink reservoir. 

2. A tool according to claim I, characterized in 
that said valve mechanism comprises a disk- 
shaped valve consisting of an elastic material. ao 

3. A tool according to claim I, characterized in 
that said valve mechanism comprises a disk- 
shaped valve consisting of an elastic material, and 
an annular valve seat portion projects from an outer 
periphery of said valve body, said valve seat por- 45 
tion being brought into tight contact with an inner 
surface of said cylindrical casing to effect a valve 
operation. 

4. A tool according to claim 3, characterized in 

that said valve body has a plurality of projections 50 
on its outer peripheral surface, said projections 
being so deformed as to be brought into tight 
contact with the inner surface of said cylindrical 
casing, thereby holding said valve body in position. 
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